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SUMMARY OF WORK

Under the subject grant, research was undertaken in three

different topic areas. These are discussed successively:

1. Effects of Roughness on Stability and Transition of Low Sneed
Boundary Lavers.

A study was initiated and completed (Ref. 1) of the initial
value probles involving a wavy wall as one of the boundaries.

The purpose of this study was to deteraine analytically the
possible disturbances that could be introduced into a laminar
boundary layer by a component of a wall roughness spectrua.

The solution shows that within the present frasswork of
linear analysis, the wavy wall boundary does not excite the
growing Tollaien-Schlichting wave. Rather it shows itselé solely
as producing standing waves as previously calculated by the same
suthors (Ref. 2). Accordingly the Tollaien-Schlichting waves are
excited by other initial and boundary phenomena such as free—
streas turbulence, acoustical disturbances, etc. We suraise that
the influence of roughness on transition is through the local
profile effects in the near vicinity of the distributed
roughness. These local wakes of roughness elements can amplify
the low frequency content of the tunnel turbulence in the sanner
described by the ssasuresents of Leventhal and Reshotko (Refs. 3
and 4) and of Shin, Prahl and Reshotko (Ref. 3).

A paper suamerizing all of the above findings was presented
at the IUTAM Symposium on Turbulence and Chaotic Phencasna in
Fluids held in Kyoto, Japan, S~10 Septesber 1983 (Re¢. 6).




2. Non-Linear Stability Forsulations

Most linear stability analyses are restricted to studies of
the norsal sodes. However, the noraal sodes represantation of a
disturbance spectrus does not conveniently extend to finite
amplitude, and so the nonlinear processes between initial
instability and the completion of the transition process are to
date not well understood.

The sesthods available in nonlinear stability analysis are
of four types:

a) perturbation sethods

b) asysptotic sethods

c) variational sethods

d) nuserical solutions
During th last grant year, the above technigues were sxasined for
their suitability in dealing with two kinds of probless: {)
response of a flow to a spectrum of disturbances with the
accompanying aode coupling, and ii) growth of disturbances in an
environment that is initially nonlinear. Only the perturbation
aathods could in their liaited way provide some analytic insight
on the above probless. Numerical computation could at a later
time provide sore quantitative information.

Bucauss of our experience with initial value prabless (Ref.
1), we were attracted to the possibility of extending this
technique into the nonlinear regise during the follow-on grant

period.




3. Noo-parallsl Stability of Turbulent Eree Shear Flows

While on a visit to Tel-Aviv University during the last
three months of 19683, the principal investigator had the
opportunity to participate in the work of Prof. Wygnanski's
group, primarily in the arsa of turbulent free shear flows. In a
paper by Gaster, Kit and Wygnanski (Ref. 7), it is shown that the
large scale vortex structures that occur in a two-disensional
turbulent aixing layer can be msodeled by non-parallel inviscid
stability considerations. While in residence at Tel-fviv
University, the principal investigator reviewsed for Wygnanski’s
group the analytical basis of non-parallel stability forsulations
and developed a generalization of that procedure that could be
applied to any two—-dissnsional free shear layer (jet, wake,

aixing layer).

As a result of the work done by the principal tnvé-ttg.tor
under AFOBR and other grants, he has given nuserous invited
lactures on stability and transition of boundary layers and has
had review articles published on this topic.

Through his chairsanship of the U.S. Boundary Layer
Transition Study Group and his assbership on an ABARD Working
Group on Viscous Simulation, the principal investigator is
continuing his studies of the influsnce of test facility on
boundary layer transition. This is directed at establishing
criteria for the acceptability of transition data froa ground
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test facilities and guidelines concerning their extrapolation to
flight conditions. Further, it will help in establishing the
basis for rational methods of transition prediction. ‘
During the grant period, the principal investigator was
appointed Chairman of the NASBA Inforeal Advisory Subcosmittee on
Asrodynamics and also a samber of the axecutive committee of
NABA’s Asronautics Advisory Committee. He continues as a sesber

of the Fluid Dynamics Panel of ABARD.
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